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(54) PRODUCTION OF HOT ROLLED STEEL PLATE EXCELLENT IN STRETCH-FLANGE 
FORMABILTTY 

(57)Abstract: 

PURPOSE: To produce a hot rolled steel plate having excellent stretch-flange formability by 
minimizing the amount of austenite remaining at the time of coiling, further forming still 
remaining austenite into a structure as harmless as possible, and inhibiting the segregption of P 
by coiling at a low temp. 

CONSTITUTION: A steel, having a composition consisting of, by weight, 0.05-0.20% C, 0.50- 
2.00% Mn, <1.50% Si, <0.10% P, <0.0O5% S, <2.00% Cr, and the balance iron with inevitable 
impurities, is used. Rolling of this steel is finished at a temp, in the austenite region, and the 
resulting rolled plate is held for >5sec at temps, between 650° C and a temp. T° C at which 
pearlitic transformation stops, further cooled through the temp, region between the temp. T° C 
and 500° C at >30° C/sec average cooling rate, and coiled at 500-300° C. By this method, 
the hot rolled steel plate excellent in stretch flange formability can be produced. 
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(57) CBft] («iE») 

SMS. 

il%(cr. C : 0. 0 5~0. 2 0, Mri : 

0. 50-2. 0 0 «Tl»r*lfe> Si : 

1. 50. P : 0. 10. S : 0. 0 05. Cr : 2. 
0 0 filT***. ^§B^O*^igeW#613} «fc •) 

7^-^ H^rjHi^T 1 6 5 0W^-7 

u kk. ?aST-c^65 oo-cora^r^^iisa 

0 'Z/Wl±iC Tteip U 50 0-3 00 *CT ^iRS . 


1 

[«fSIW1] 

C 0.0 5—0.2 0%, 

Mn 0.50—2.00%, 

Si 1.5 0%tTF\ 

P 0. 1 0%«T, 

S 0. 0 0 5 %KT, SO 

C r 2.0 0 %«T^^, ^^S^pJig^^B^ 
£K) ftZm%*~X^TJ hm-CEMZfeTU. 65 0 
°C^6^-^^ h^MT^SgT (°C) STOPS 
V5mi±Ut$L, MIC. U&T CO #>65 0 0°CQ 
ffl^ ^F^iPitS 3 0 "C/mAtitx: b , 5 00- 

[mmi2 ] mm%icr 

(a) C 0.0 5— 0.2 0%, 
Mn 0.5 0—2.0 0%, 
Si 1.5 0%JWT\ 

P 0. 1 0%«T, 

S O.O 0 5%«T, SO* 

Cr 2.0 0%HT^ Mtt, 

(b) Ca 0.0 0 2 0%OT, SO 

REM 0.0 0 2 0%«Tcfc0^^af^^3l«n^^ 
< <t & 1 «(Dt£^^^^, ^^SO'^oIiS^^ J: 
*)teZ>®Z*-Z^>( h^riB££#*TU 6 5 0°C 
h^^jhT^SST°C(DrBlr5#i^±« 
#U »C, T°C^e>5 0 0°CCD^^^^jlS3 0 

°c/**«±^r ^aj u 500-300 °c<Dmm<Dum 

(a) C 0.0 5—0.2 0%, 
Mn 0.5 0—2.0 0%, 
Si 1.5 0%HT, 

P 0.1 0%feTF\ 

S 0.0 0 5%«T, SO 

Cr 2.0 0%HT^ 1!&C, 

(b) Cu 1.0 %^T, 

T i 0.0 5%«T, SO 

Nb 0.0 5%«TJ:0^^^^6il^n^^< ti> 
1 ScDtu^H^, ^a^SO^pJigW^^ct 0 ft i> 

MiC. TW65 0 0 -COra^^^iPilS 3 0 °C/# 
W±tCT#£PU 5 0 0-30 0 "C(D©H<DSSr^BX 

a c <t t -? z wit? 5 > v&ic -r <- ti s&jsisig 

(a) C 0.0 5— 0.2 0%, 
Mn 0.5 0—2.0 0%, 


(2) ^P3^P8-2 6 9 5 3 8 

2 

Si 1.5 0%«T, 

P 0. 1 0%«T, 

S 0.0 0 5%t(T, SO 

Cr 2.0 0%JtUT£S^ 

(b) Ca 0.0 0 2 0%tTF, SO 

REM 0.0 0 20%J^Tcfc0^^^6ig^n^^ 

< ti>im<D7tmt, 

(c) Cu l.0%fc!T, 

T i 0. 0 5%«T\ SO 
10 Nb 0.0 5%&T£K)teZ>mfrt>m&ti*>'ptj:< £4> 
1 «<£>7c3t<t£^&, SlgPStRO^DligW^F^ J: 0 ft 

L , HCt , T *C*» h 5 0 0 'CCDra^^^aJiiS 3 0 °C 

/mAHtx^M L/, 500-300 'ccoiioagr 
[fi*3i5 ] sa%ccr 

Ca) C 0.0 5— 0.2 0%, 
20 Mn 0.5 0—2.0 0%, 
Si 1.5 0%«T, 
P 0. 1 0%J£TF\ 
S 0.0 0 5%«T, SO 
Cr 2.0 0%t(T^ HtC, 
Cb) N i l. 0 %«T, 

V 0.2%WT, 
Z r 0.1 %feTF, 

Mo 1.0%HT, SO 

B 2 0 p pm«Tcfc0ft^^651«n€>^ft< £ 
30 h 1 «C07c*?r^^, ^^SO^FpJig^^ J: 0 ft 
h^riHi^^TL, 6 5 0 fl CiA 
- ^ ^ h ^Sg#ff*lkT ^figT °CCDrair 5 #tLt<5£5F 
U IgK, T°C^6 5 0.0 e CCD^^^^iP3Jg3 0 6 C 
/#W±fc:T#£PU 5 0 0-3 0 0 °C(D©fflODagT' 

[»*B6] »s%^cr 

(a) C 0.0 5—0.2 0%, 
Mn 0.5 0—2.0 0%, 

40 Si 1.5 0%WT, 

P 0. 1 0%tTF, 

S 0.0 0 5%tTF, SO 

Cr 2.0 0%tTF2r^, JgtC, 

(b) N i 1.0 %WT, 

V 0.2%«T, 
Z r 0.1 %«T, 

Mo l.O %WT, SO 

B 2 0 p pmJ^Tct0ft^^6il«n^^ft< t 
50 (c) C a 0.002 0 %J^T, SO 
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REM o.O 0 2 0%JWT<fc9fc£i¥*>6jl«ft£4>& 

«fcO £S«9 ; &*-;"'f ^ hWrEEBfcllTU 65 0 
•C£ 7 -f hSai36*ff±-rS«flET'C©IH-C5 »«± 
t, KfC. T*CA^6 5 0 0 ^©iHfcjp-sw&safts 

0 "C/WsLtK. T<££P U 5 0 0-300 -CCDIEHOS 

(a) C 0.05-0.20%, 
Mn 0.5 0-2.0 0%, 
Si 1.5 0%HT, 
P 0. 1 0%JiiT, 
S 0.0 0 5%£(T, SO' 
Cr 2.0 0%tn r £^, MtC. 

(b) Ni l.OJKJWT. 
V 0.2%«T. 
Z r 0. 1 %PJTF. 
Mo l.O %«T, SO* 

B 2 0 p p mWTJ: •) &&»*»6»tfft.6*l>«c< t 20 

t> 1 *&D7cS*-£, 

CO Ca 0.0 0 2 0%«T, SO 
REM 0.0 0 2 0H«TJ:»5J5r4«a>&»tfft44>tt 

(d) Cu 1.0%Ji"T. 
T i O.O 5%tTF, SO* 

Nb O.O b%VCT<kK>t£Z>mfrhmiZtiZ>'Pts:< £i> 

i mumR v^simttpwm <t o & 

Si^-Xft-^ h^-CEEii^7L. 6 5 0iCi/< 
- 7 ^ h SEBWifMi-r SSKT "CCDK-C 5 mjLk&ft 30 
U JEK. T*C3&>65 0 0'C©IB*TiWWjiaa-3a*C 
/&&.-k< / cf<%&L. 5 0 0-3 0 0 "CcDlSfflcDjaSr- 

[0001] 

[0 002 ] 40 

v<D&tiLZV9z.2>&m&&z. man*, 5 

£U *^§©^-^^^^ h*g|#3-ii-C, 5 

0 0 °CWT©SS-C#IRn{i, vju-f >-»M M?©SSf 
fB©£/-££&*-iftl,>. fiEjoT, {#0*-7 5->> ; ^tC-r<'tl 

^SI^rai^T^-tf^i^fC, 5 0 0*CJWT-C#IRSC 50 
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[0 0 0 3 3 b*»U »-»<0«HiBMB'Ct*. f±±SS© 
*H"f^att©«j£ia>6 < Hteftt>mm.$-C<Dffl<,c+ft 
&2£a#Rfl 3 cia^c £&<,>©•?. n^l^hti, # 

r. fir*. mm%ic$.'p<D*-?.y-j-j vtmfrirx^ 

[0 00 4] C©«fc5&t*$atC*$<,>-C. #B3¥4-2 4 

6 i 2 7-5f^fc«. Jtg-^^i4tc-r<-n-?S75niffl^i!i^ 
$?©S"!jg:£j£#^3nTi>£#*\ ccD^j&ccifty:. & 

WEES©8L 7 6 0 *C^6 6 0 0'CS T£#iftlg3 0 

»KWffi-&r. ^Kg-c^s©*-*^^ vinmn 
u -ect, c©si??^--xt-^--y M^Btf^c^i 
u «Kiaflr39*fit»«<!nMt{b-r*. t©wt««. :/ 

[0005] ^Bi^iSt^i&s-rff&^tf, #Btfgcci£Ji 

Wi*5„ «"U.«, #"$¥4-8 8 1 2 5-ff 

tc « . f#o* ^ > s^tt tc -r <* titc s ib«jaa o ^iis 

^tttigft£©Stfi:#&ft'ett ?htM, C ©#£ tc 

in 1 *. «a58&«#5 oo'caitiot, p^©^ 

<BtfA 5 jiff C-^-rt,^ 6 0 0 *C*6 5 0 0 •C^ftT-'S© 
[0 00 6] Sfc. #g3¥4 - 2 7 6 0 2 4-5f^#gCC 

sattsnrt»**i. h«$^MR« 
us c£a>p>. fit*, {*o*-77>^tt(c-r<-niii" 

[000 7] 

[^BJ*ift?^LJ:^<b-r.5Sgi] fi£*©Ii'® 


5 

i? 5- y's&zm? &fKy&M«&atjs-r €> 
*j>m<am±o-c. ?isk®s <ts> iAioids 

XA)4£fttf. CW5 5 0 0H1 J?*U<«, 5 
[O 00 8 ] 

[ mat w%-r s tatxD^m 3 ##guj k «t 4 7 5 > 10 

0. 05-0.2 0%, Mn 0.5 0-2.0 0%, Si 
1.5 0X«T. P 0.10%£(T, S 0.0 0 5% 
tTF. K^Cr 2.0 0W, »»Dt&acF 

ffiX* 5#JW±£}#U JgtC. T°C#>6 5 0 0 °C<Dffl&¥ 

zj&mm. 3 o -z/mj±sc-c &w l . 500-300 

[0 00 9 *«W©*ffi©aMBi*oA;HSII* 20 

Co.1%, Mni.0%, Si 0.5 
VoTSlZIZ r 0. 5«tt*JS8»*WT4iI*H 1 tc^TJ^ 
tc. 950'C (^-Xf^-^ H£) -C5#Kfln8tl/, 7 
0 0 TT1 #ffgtIS<S3#U H&C, 6 8 0-4 9 0*C© 
«B<01«ri 0#IHfi8#U C©f£. *IAhl.fc. 
7 0 0 •C-C©tIS«Jt«. 7i7-fl- £+t}{C WW 5 
&fca6©fc©-c&-?-t. JRSi^iBWcTIESELfcj* 

i>o-c, sit, m.tf)Ltct§&-ci>, ■? b&mz 

1 0 O 1 0 ] 6 8 0 -Cfrh 4 9 0 "C-CCtlS^tt, ^ ' 
A V «, 6 5 0'C*6 5 8 0°C©fyjT-©*. #TttiLT(,> 

riK ofioT^s. ±ismmmiz. 5 8 0 •cwt-c«, 

rC--54 h^2®*Sji?f LtilXD-C. 6 5 0'CA>6 5 8 0 
tBi £c*fci?>. H3CC*Vr<fc5iC. 6 5 0'C*>6 58 0 40 

[o o 1 1 ] s/c ymx-^T-i-A htf&ts^m&T 

t>. 5 80X*^5OO-C^t5i. f^7 7>y 
tt*»3WW4. BP*>> H 4 H13 
% ( 6 50'C^65 8 0*C$-C<D^fR5f«2#) £5% 
(151 8 0) ©I5J ©^*PjiSr-^iP L^cfig©** 

cf7-5>j?tt**r. c>-r*i©*§^rfc. 5 8 0-c*>e> so 


&m¥8 - 2 6 9 5 3 8 
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5 0 0*C*88*t4i. Affirt^t-T-S. CCDSfi«Bj 
flrctJ&t,**!. 5 8 0"C*>65 0 0°C<DffllC. 

[0012] 5 8 0*C*>6 5 0 0"C*'C*fttel,fc*B 

m&Lttmim.mtfimmc&iitiz. n, 500-5 

5 0*C*StoLfciil^-Cfc. SHM--*^^ h#l 3 
[0013] £l±*»6W63ft>Sc«t^tc. ±fS3IKSJ*ffl 

c >t f*c;7 7 > settee -r <• tiz ®Mm&*m * tabic 

it, ^•-v-T h©*Tttl-r-S6 5 0'C^6 5 8 0'C©W& 

r#5RBt)K:^'-7-r hit, S-o. 5 8 0'CA>65 0 
0-C^}*L-C, iSi»0^4?:Jll^, 5 0 0-caT 

©sg-c^tastntScfcc^ci^a^^n-s,, c©j:5 
tc. mmu&zb 0 o"c«T<t-r<i«, p»©flj*rccj: 

[0014] ;JWt, ±IBH^i«^(coc i r feP5EL 
/c. I5(CA-5^ h%M* i ft±-tZ>U8.7 CC) icR 

©C£«, C r /«c-2>(Cotx-C. -tr>>^-C h©tfr 

^-X-r-^-f h^*7-f hi-fe>>*-C hitC^ttL- 
fc4>©-C, C©|^«CC r©^E;ii57x7-f' h £-fe^>^ 

h*Ttii©±Egfifl[(*, CriKJ;6f, Jfei^ 
-ftL/^c(<^©-C, 6 5 O'Cfr J h#rUJ©TRgSg 

[0015] S£3fe, ^^7c*©ti^cJ:S^--7-Y 
^©#±SS©^b«#ffi3nfcC£.^^c< , -^^tc* 

Z&tiiTC t&TZttfr^tc. #&Bj§K:«fcia«, c©S 
[0016] yctc. XmiliCte^X. iSKDM^^ic-o 

^xmji-rz, c«. ^©^a^fiifiir^fctoK:^© 

&7c58T£>oT, ^&<ifeo.O5%0illO!!iii;.ST* 
0. 0.1 0%J^±©^fin*W*Lt>. U2»U ^)HDS*i 
0.2 O^^Sx-Si^ti, tlifi!F©g|??t-^ft-/ h 

<t-rs. sf*t,<w, mam*. 0. 1 5%j^t©seh£ 

£0.5 0-2.0 0%©®B£U fftO<«. 0.80- 
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li5 OX(DllT*i„ S i ^©SSJjDfi^l. 5 0% 
0.0 1 fe4>&< ffifcSS!^* h© 

[0018] pes. cn^^scc^/ja-r siir«. mt 

U 0.0 1 64>fr< L-tt, mm&=ix h<D± 

#£rfg<©##e>-r. ttm±o&mi> ! ®icMm-e 10 
®-c\ &flns«» o.o iH«±£-i-s. sb. Mnss 

•e. 0.0 0 5%OTiU $?£L<B, 0.0 0 2 %«T 
if -5, 

[0019]Cr(l, gi«©S£ft©fa±(cW^-e*D - 

cvfrnz^micmzici^ >pt£<.& *>o.2 o%©^*d 
7^>v>teZrgit2i?z>(D-c, mmmm.o o%wrt 

1"-So 20 
[0 020] #*»(C JSfttf. ±l27C^C»n^.T. C u 
1.0%UT. Ti 0.0 5%«T, MNb 0.05 
%«T<fc «5 as»*»6*<ft*5l>tt< t i> 1 S©tc^* 

[0 0 2 1 ] CuK. WfflBtffcJCj^T:? x5-^ 

&»ti»i<c6-r. »«©s«g=i* H£iga?>&©-c, ss/ja 

t»1.05«tiTitS. #££BJK:J:*iB, SS»na*Si.0 30 
[0 022] T i RO'N b tt. C r <tHM§{c8MR©jS3& 

©r. a?aaffc©^at>fcssjtiD-r^ii^*>. «,»r*i©jc* 

KOOTfc, -€-©_hK?:0.0 5%i-r^>„ 
[0 02 3] MCC 2f:^tC«fcn«. »77>yttK 
MfftMn S©^ftH^m^fciSf)(CiItc. Ca 0.0 0 
2 0%£(T, MREM 0.0 0 2 0 %tTF<fc 0 40 

frh-fflztiZ'pt£< 1 1> i a©7c^^ttj-r*c <t*5-c 

L*>U cn6©7c^4>jS^K:SSJ|jD-rti«. 

©waa* h £»#&©.&& <=> -r. ±ie^*5gafa-r^ 
©t\ ofhCTGSIKoo-cfc. ^©SsflnSBo.o 0 2 

[0 024] *%91 cestui. ±K«*Mc t. sfiWKjt 
or, #©.£ 5 fr^£^£&*rr 3 ^ 
(c. Cu^ttiwc»-ca. uab/ct^tc. ai®$fltt 

fiL/. ^-©SStoMtt. l.0%WT©©ffi-C*0. CftJW 50 


» ^8-269 538 
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o. 

[0 02 5] VM'Z r B. ^«©&g©f6j±&CW$&T 

«. V«COt»rtt. 0.2«fi%, ZrKO^Ttt, 0.1 
%i-T-S 0 Mofc, Vi|^C<> »®©8tffi©|3]±5CW 

±m.*i.o%t-rz. bb. mmmh.i£**&&<Dfo±ic 

flOfiB. 2 0 p pm^i-TS. 
[0 02 6] ##&Wc Jjfttt. ±»bfc«t -5 *{fc*j«» 
^W-r-S^^r^-Xf tM VmVEM^Jb, 650 

'ct^-7^h ii*i§±fsiagT -coiht 5 mil. 

0 •C/#jy±(cr^iPL-, 50 0-3 00 *C©J5H©S 
[0 02 7] t-Xft-r 1- • 7 J hm-CfrMZtf 

artist*. »6*i*«iR3aHiwiBaiattc*ji>T^3Sc3e(c 

[0 02 8 ] ^gmiCto^x, J*-? -C l-#Tt±Jfit±Sg 
T CO ». 7x7^ himiU&tt&lcis^x+ftte. 

ch*&mffl£frh 500 'c©©H©gs-c 

1 o«»in«$$bfc£*. h©«Tm**J5%*« 

or, (*c;7 7>yttKt <ti*«gi«sffi^»4fc*{c 

O^C-'^-^'C \-^M$i±, JgtC. 5 5 0°CA^i=>5 0 0 °C 

^i^6nsaa^5r^L. 5 0 0 •ctmDiaa-e 

ST (*C) tt. *OBSfl>«:J:0aMW-*©'C. cosg 
«. ^iffJX«^z9J-rs^^*^ 0 c©^jMK:«(5i» 

[0029] A-?-/ h««©aiff©ff±*4*6*VSct» 

mit -our «. *^©^«®ffl-c*>io 0 $/c. a 

[0 03 0] ^tc. *^Bj(cS£or. 03«:^«i:^ 
tc. h©*fffi-r-5?aK^{-c5^s^i#-rn 
«. Afi*5^?r*s©-c. 6 5 0-CMiagT co 

B. ^7C^©^ffilffl*^l»©-C*. »S5b<« > 
[0 03 l ] 6 50WT CO St4 5#«±^ 
i^«C. 5 8 0 -C- 5 0 0 TOllOiag-C^t S 
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£. ^JftJ*aiaflE4 0-C/»JK±r?&«r*C4 

[0 03 2] *»JiK:j:titf. «fl*fft. 
r. i@gT CO *>€>5 0 0*C*»»-r*4»-€-jh*l*(* 

iSS*5 o OWiTJ. Kttl*. mf&OcJr^Ctf* 
0*7 -9>Vtt«r^b3'U-&. 3 0 O c C«Tr#BX 

sSfbStS. »Sl<«, gHX«S«:4 0 0-5 0 O'C 
[0 03 3] 

r. Tttrc—^ h^BkDfp±aa co . t«6 5 o 
•ca>*E.j&ST co s-c©{sf^B$ra> tgsjE^T^© 


^?8-2 69 53 8 
10 

as * -c<DW-£}&%img.$: m l , s&Kia&a* 5 o o 

'ClUTV&Zt*. SffiT- CO *>65 0 0'C*r©^F 
*l»S. <ETi-*©r. 3l5g&£ (TS) £A£©g*> 

Awes**. 

[0 034] tmm<D 5 % . A13IJ, KM1&Tm<D®. 

#4 0 0 'CIZITV$>&A 1 4*>. #aXSK*5 5 0 0 'CJW 
Jb-C*.5>A 1 6-*>A 1 7 *>> A fif 
[0 03 5] — ^7c^g^jgf< 

MS.T CO ifilMT&mtMcSb*). 6 5 0*0*618 

t co *T©«H-c«i3i5ni**< i^ct«i 

-3 "C, *^(cfcc^-C«, C©J:5&«j5#>6 
«. CriiJ, l.3%tiTW*L.l>„ Ti&O'Nb 

«. i0«©^£«#S5Arw?8re£>$#, ^h. c 
ri^Sfc. fiaT=£i6«>s©T\ ^-S«:^JjnT€.C4 

[0 03 6] 
[*!]■ 
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